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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to an optical element to be used in a video camera, still video camera, copying 
machine, and the like and. more particularly, to an optical element having a plurality of reflection surfaces with curva- 
tures. 

[0002] Conventionally, as a photographing optical system including a reilection surface, for &cample, a so-called mir- 
ror lens system is known, as shown in Fig. 29. 
10 [0003] Referring to Fig. 29. object light 1 74 is converged and reflected toward the object side by a concave mirror 171. 
and is imaged on an image plane 1 73. This mirror lens system is t^sed on the arrangement of a so>called Cassegrain 
reflecting telescope, and aims at a small total lens length by folding the optical path of a telescopic lens system with a 
large total lens length using two opposing reflection mirrors. 

[0004] In the objective lens system of a telescope as well, many systems for shortening the total optical length using 
15 a plurality of reflection rrnrrors are known in addition to the Cassegrain type. That Is. the optical path is efficientiy folded 
by using a reflection mirror in a lens system with a large total lens length, thus obtaining a compact optical system. 
[0005] However, in general, in the Cassegrain reflecting telescope, some object light rays are eclipsed by a concave 
mirror 172. 

[0006] This problem arises from the fact that a chief ray 1 76 of the object light 1 74 is located on an optical axis 1 75. 
20 In order to solve this problem, many mirror optical systems wNch separate the chief ray 1 76 of the object light 1 74 from 
the optical axis 1 75 by using a reflection mirror at a decentered position have been proposed. 

[0007] As the methods of separating the cNef ray of object light from the optical axis, a method using a portion of a 
reflection mirror which is rotation-symmetric to the optical axis, as disclosed in, e.g.. USP Nos. 3,674,334, 4,737.021. 
and the like, and a method of decentering the central axis itself of the reflection mirror from the optical axis, as disclosed 
25 in USP Nos. 4.265.510. 5.063.586. and the like, are available. 

[0008] Fig. 30 shows ah example of USP No. 3.674.334 as an example of the metiiod of using a portion of a rotation- 
syrnmetric reflection mirror. 

[0009] Referring to Fig. 30. a concave nrdrror 1 81 . convex mirror 1 82. and concave mirror 1 83 are originally rotation- 
symmetric to an optical axis 184, as indicated by the two-dashed chain lines. However, since the concave mirror 181 

30 uses only its portion above the optical axis 184. the convex mirror 182 uses only its portion foelow tiie optical axis 184. 
and the concave mirror 183 uses only its portion below tiie optical axis 1 84, the chief ray of object light 185 can be sep- 
arated from the optical axis 184. and the object light 185 can be output without being eclipsed. 
[0010] Fig. 31 showsan exampleof USP No. 5.0563.586asanexampleof the method of decentering the central axis 
itself of the reflection mirror from the optical axis. 

35 [0011] Referring to Fig. 31, when an axis perpendicular to an object plane 191 is defined as an optical axis 197, the 
central coordinates and central axes of the surfaces of a convex mirror 192, concave mirror 1 93, convex mirror 194. and 
concave mirror 1 95 are decentered from the optical axis 1 97. and object light 1 98 can be efficientiy imaged on an image 
plane 1 96 without being eclipsed by tiie reflection mirrors by appropriately setting the decentering amounts and the racBi 
of curvature of the respective surfeces. 

40 [001 2] In this way, when the reflection mirrors that construct the mirror optical system are decentered. object light can 
be prevented from being eclipsed. However, since the individual reflection mirrors must be set witii different decentering 
amounts, a structure for attaching the respective reflection mirrors is complicated, and it Is very hard to assure high 
attachment precision. 

[0013] As one method of solving this problem, for ecample, when a mirror system is formed as one blocK assembly 
45 errors of optical parts upon assembly can be avokled. Conventionally, as optical systems having a large number of 
reflection surfaces as one block, for example, optical prisms such as a pentagonal roof prism. Porro prism, and the like, 
which are used in camera finder systems, a color-separation prism for separating a light beam coming from a photo- 
graphing lens into three, red, green, and blue light beams, and imaging object Images based on tiie respective color 
light beams on the corresponding imaging element surfaces, and the like are known. 
so [0014] The function of a pentagonal roof prism popularly used in a single-lens reflex camera as an example of the 
optical prism will be explained below with reference to Fig. 32. 

[0015] Referring to Fig. 32. reference numeral 201 denotes a photographing lens; 202, a quick return n^rror; 203, a 
focal plane; 204. a condenser lens; 205. a pentagonal roof prism; 206, an eyepiece; 207, the pupil of the observer; 208. 
an' optical axis; and 209. an image plane. 
55 [001 6] Light rays coming from an object (not shown) are transmitted through the photographing lens 20 1 . are reflected 
upward in the camera by the quick retu-n mirror 202, and are intaged on the focal plane 203 k>cated ata position equiv- 
alent to the image plane 209. 

[0017] Behind the focal plane 203. the condenser lens 204 for imaging tiie exit pupil of the photographing lens 201 
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on the puprl 207;of<the observer is placed. Behind thecondenser lens 204vthe pentagonal roofprism SOSioriConverting 
anobject image on the focaJ, plane 208 into an eredediirndge is placed.; . s^fi' l-v -^v j .eti - iic ;, r.ii,aci: ^ !o<;! 
[001 8f = An object image dfeffnfed by object light tHteentei^ th1e piBntagohalY6bf1)ri6*m 205 via^n ehtrartcfe surfafee 205a 
is hdrlzbntally ihverted by ^1-bof surlace 205b. The object light is then reflected by a reflection surface 205c toward the 
5 observer. 

' [0019] i iThe object light reflected toward the ob^^rver side is transniHted through an: exit sur^ 
nal roof piism^205, and reaches the^^eyepieoe 206/ which ooiweiife lhe object lightrinto a^ light by its 

refractive power The nearly collimated light beam then reaches the pupil 207 of the obsen/er, and the observer can 
observetheobjectJmage....r.f-:i wr^u^^i-i ^.t.. • : ^ ■ •■■■x-^'.' v --^i,. - ••^:ii.^\^c>nr'm^ t 

10 [0020] : As:a major problem of suctropticai prsms represented by the pentagonal roof prism, harmful ghost light is 
likely to be produced due to irregular incoming light into the prism from positions and angles other than those of effective 
' light rays^-j M ■• .or- rj'...{;-w- . -vi^^rw ? lr';;;->. !..t^i r; -. i A:.]- : -:^''r\ i^'iiv^Sri-.i I'-^nj:.::*. 

[0021 ] i In the pentagonal roof prism with the above-mentioned structure, ghost light that enters the prism at an angle 
different from that of effective light rays, as indicated by the arrow in Fig. 32. is reflected in turn by the roof surface 205b 

756. and* reflection surface 205c,if6 totally .reflected by the. entrance surface 205^ and then leaves the prism fnom the lower 
portion of the exit surface 205d tpw^fd^the observer. - > " ; 

[0022] if such ghost light is produced, since its number of times of reflection is different from that of normal effective 
. light rdys, a Tvertically inverted innageiappears oh the lowerside 6f. the observation frame. - - i = 
[0023] > In^ord^r to removeithe ghost light, a light-shielding groove 200 is formed on the exit surface 205d of the pen- 
. 20 tagonal room prism 205. 

f [0024] ; By painting the entire prism surface exfciept for the entrance surface 205a and csxit surface 205d in black, a 
r€ff lection film dieposited on the roof surfacfe :205b and reflection surface 205c is protected from environmental changes 
in, e.g.. temperature, humidity, and the like, and light rays coming from outside the prism are intercepted. Since such 
> optical prism has a plurality of reflection surfacesithat are.integrally^formed. the i^espective reflection surfaces have a 
25 very.accurate relative positional relationship, ahd.danot require ariypositibnal^ f« n*-!u;cjr i ..j^in 

[0025]^ Note that the principal function of such prism is to invert an image by changing the direction the light rays travel, 
and the individual reflection surfaces are defined by planes. 

[0026]v By contrast,' opticalqarisnris.^'the reflection si;^ of which haveipurvatures; :are'dtsdosedJn.<ag;.iiJ^^ No. 
4.775,217=ahd Japanese Patent Laid-open No:2-297516. u :: : r*:^-. ^--r v ' r^- — 

30 [0027J USP No.- 4;-775.21 7 delates to the structure df an eyepiece in an obsen^tion optical system. In the structure of 
this article, as shown in Rg. 33, display light 215 coming from an information display member 21 1 is reflected toward 
the object side by a reflection surface 21 2^ and reaches a.surface 2d3-havingia curvature that defines a concave sur- 
tax. . ■ -''^ -^^iijv yir-ry'Ayi-x--:, pin :; ri- 'i: -S^^h inn ?ir ri^r^vi^^^ or -nptf:' r»»r:!f1 -M;:^ ^c^i-j Opt!':.;f 

[0028]! 'I The concave isurfaceL21 3 converts the display light 215 as divergent light from the information display member 
SiS. 35 21 1 into nearly collimated light by its power, and guides it to a pupil 214 of the observer, thus making the observer see 
a displayed imagejxM HO oicwu .^r^- -u-^^m - ^uui ..lec -■.-:^y-'-:-^l''}K-- ? :.ioci"";u i: 5Xi-ii^>^"> 

[0029]^^^ In the structure of this article, ah object image can be seen as well as observation of the displayed image. 
[0030] Object light 216 enters a surface 217 nearly parallel to the reflection surface 212. and reaches the concave 
surfaoe:ei3i.Since aisemi-transparentvfilm, for example/is deposited oathe.coQcave>suriape'213;:sorne light cxi^^ 
40 n^nts of :the-bbj6ctiigtn 216 are tiransmmed through- thevconcave.sar^ce ^21^ ^erfightfcompon^nts are 

reflected thereby: iThe. transmitted object light 216 is transmitted through the reflection surface 212 and reaches the 
pupil 214 of the observer. In this way, the observer can observe the object light 216 and display light 215, which are 
>^ superposed each other wise Japanese Patent Laid-Open No: 2-297516 alsbvrelates to the structure: of an.eyepiece in 
an observation op^cahsystem^-ln the structure of this article,tas shown: in Figu 34, display light 224 originating as colli- 
f . 45 matedrtigl;)t frohri an:inf6rmatk)n displaj^; member <riot shown) is transysnitted . through: a flat surfac^,'!2a'7;jai^ 
incident oh a parabolic surface 221;v -iU rr - iHv^; ^nc" :^aKi tr^^nr nr:rr -t— .cFn-fhTfr tormprt ov Tr.::^.\^ r^oa. 
[0031] The parabolic surface 221 focuses the display light 224 to form an Image on a focal plane 226. 
'/ [0032].M;^;At thl8jtime»;Sincei'the(f6cused dl^ay< light. 224vreaGhes; (the focal plane i^26 whileLbeing' totally raftected 
between theflat:surfac&:227i ahda flat<surfeice ^8 pdrallief to thid 8urface-227i.a-low?profilei6tructure^fith&'eiltlra 
f; so cal^feysterrvisr6ali±ed.:--u:^'':?j 1!^':.. 

[0033] The display light 224 coming from the focal plane 226 as divergent light becomes incident on a parabolic sur- 
>X f&se 222.whiiei>eingtQtallyireflected-tbetweehcthe.jtal^surfac paratx)lic surtace.222'ccunvei1s the 

display light 224 into Jie^ly rooUimatedjJight ahd guides Jtttp a pupil 223 of the ob^rverrthusrmakind the:obseh/er rec- 
ognize a displayectlm^e^^st^'^^^coi: Is ffS5CrT»Nea :^ 'Tiffin j rrxnH cavity ?tsid ^ok?. 
55 [0034] In this article, the observer can also see an object image as well as observation of the displayed image by the 
'M. structure similar<to;thatoLUSRiNdi;4;Ji75i2rt7iOl^ su/fiic(:^ tor T^;,King uorrt <*ry^e: anr h-^v^^^ t^^^o nr«tii:c>i 

[OOasi-j dSince such bpticat prisms havlrigTeflection surfabes with curvatures normally suffer more optical performance 
deterioration resulting from decentering of each reflection surfece than an optical prism constructed by flat surfaces 
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alone, the allowafci^posmonalprecision;foi^:eafc^ surface is very strict However. uiSP No. 4,775,217 and Jap- 

anese Patentl^id-Open No. 2-29751 6 do not mention any of the adjustment method, assembly m^thc^, manufe^cturing . , 
method, and the like of th^ fiBispectiVe refle^bh feurfeces to compensate for the positional pSreasioh or feeh ri^ectiori"^'^ 
surface. . ..^ ^ 

5 [00361 On the other hand, as the nuniJ^rof ref ledten suHd(^ 6f an opAcaiprisni^ ihc^eases. the decentering amounts 
of the respective reflection surfaces accumulate due to aben-ation correction of the optical prisrri. Hence, the allowvable 
decerteriri^ arppuht j^^ surface becomes smaller and stricter with IncM^'^ii^ nurHBer of reflection surfaces. 

For this reascin! S'mStrida*of aac^^ compensating for the positional precision of each reflection surface is 
demanded. , „ , ■ ^ 

10 [0037] Furthermore, these optical prisms are manufactured by molding using a metal mold to meet recent low-cost 

requirements. /ivfj^HH* 

[0038] For example, a pentagonal roof prism, which was conventionally manufactured by polishing a glass block, is 
formed by molding using a metal mold as a so-called hollow pentagonal prism, in which the reflection surfaces 205b - 
and 205c shown In Fig. 32 are formed by reflection min^ors. and are integrally formed with a hollow prism. Upon forming 

75 the hollowpentagp^aJ prisrnjby rwplding, sJnpe the refleptiqn mirrors are Icr^edfb^^ fl^. surfaces alone, the imaging per- 
formance of th^ finderjsystem does not deteriorate irrespective of slight posrtipriar deviatiorjs pf the reflection mirrors. 
[0039] Mowey^r^ y^hen.an opticsU prism having reflection surfaces withqurvaltres is formed by molding, a metal mold 
which assures hjgherpoVitional precision of each reflection surface than the^optical pri^(n constructed by flat surfaces 
alone is required. - r'n < :rrrrun '<?ji>«s.c;|tiiTi u^.}-^,h^i- 

20 [0040] > Alsoi Wheri.an.optiGaf^rJ©m.Jha>aDg reflect! surfaces with pi,ffvatun)es is formed by molding, a metal mold 
structure, which can cope with a complicated optical prism integrally formed with a jjlurality of reflection surfaces with 
curvatures, which are set at decentered positions, is demanded.; / i • Kt^if eic^i ACi.^..: ^is^^.m testoa r^j 

SUMMAFmDFTHEINVENTlON^^^^nf^ 

[0041] The present invention has been made in consideration of the aforementioned problems, and has as its object 
to suppress relative decentering of reflection surfaces, which rnust have highest Precision, aridjo p^^ 
formance from deteriorating, in ah optical elemerit iri which a plura% reflectiori surfaces with ciJrvatures are F^aced 
and formed adjafcent to eadh other. 
30 [0042] It is another object of the present invention to increase the degree of freedom in abenration correction of an 
optical Element, inrtS td iVhjjrwe the ihrksiingf pe'rfdrtriari'ce'^bf the optical element. 

[00431 * ft'is still drKrthfer-6bj[^ 6t the jif^eseriiin^ntion td'&ccurately set the spacing betw0ei$:?efle<^on surface Wocte 

at predeteri^ined^t>o^^^^ rira[riijf^;tLire of the respective reflection surface blocks. 

[0044ji It is stni artotrtfer c^^ of ihepir§seilt ih^^^ td prevent effective light rays in an optical element from being 

35 eclip^:'-'^^ J-^^^-^^^^r oi .^r?eciiL.n -;»tav.^o bavitK^ j 

[0045j^^ lt%stir object Of the pfesenf iriv^Mohi^ tiienumber of parts, toreduce errors produced upon 

movOTtfent of art- optical yr^irie^^ rays in ^ari optical element from being eclipsed. 

[0046] 'Itis'still anbther i^^^ th6 fSi*<6S©rtt-ihV^ a low-cost optical element, which can be fpnrned by 

moldihy Irl^esbiBctive of Its sWaliSei fo hav6 ref I^ot at accurate ppsitionsi • ^ \ 

40 vmfi^' it l&^ll^ttkftfiS^ an optical element which suffers less^ost? ^ _ 

[0048] It Is^still anSther^^^ Of fhfe presfefftliWeHtibn W4llow thedirectioni bf liSht rays that errter and feave an optip'f 
cal il^ffi^ritto bes^^arbitr^^^ \ - ' ■ '^^^^^r^ 

\fmiSp' irix}i^ to solve the objects, thefirst aspect of an optical element 

accdrdirig'to1hb]!»reseiit ihverttibri ii charactei-iz^ by the following anrangement. . . . ^, , y/r v^,' 

45 [0050] That is, there is provided an optical element comprising a first reflection surface bloik formed by placing a plu- 
rality of reflection surfaces having curvatures at neigWx>ring positions, and a second reflection surfaceiblock which 
opposes the first reflection surface blocK and is formed by placing one or a pIMranty of reflection surfaces at neighboring 
positions, wherein the first and second reflection surface blocks are formed by a metal mold. 

[0051 ] Also, the second aspect of an optical element according to the present invention is characterized by the follow- 
so ing arrangement. 

[0052] That is. there is provided an optical element wherein a first reflection surface group including a plurality of 
reflection surfaces having curvatures placed at neight)oring positions, and a second reflection surface group which 
opposes the first reflection surface group and includes one or a plurality of reflection surfaces having curvatures placed 
at neighboring positiofis, are formed on surfaces of a transparent member, and the transparent memk>er is formed by a 
5^"^ metal mold. 

2^ [0053] Otiier objects and advantages besides tiiose discussed above shall be apparent to tiiose skilled in the art from 
the desaiption of a preferred embodiment of the invention which follows. In the description, reference is made to 
^ accompanying drawings, which form a part hereof, and which illustrate an example of the inventioa Such example, 

LU .. 
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however, is not exhaustive of the various embodiments of the invention, and therefore reference is made to the claims 
which follow the description for determining the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0054] 



Fig. 1 is a graph for explaining the coordinate system that indicates the positions and tilts of refraction or reflection 
surfaces of the respective optical components in the present invention; 
10 Fig. 2 is an optical path section view for explaining the first emt)odiment of the present invention; 
Fig. 3 is a perspective view of an optical element of the first embodiment; 

Fig. 4 is a perspective view for explaining the methM^assernbllng a reflection sur^ce block of the first embodi- 
ment; 

Fig. 5 is a perspective view for explaining the method of holding the reflection surface block of the first embodiment; 
75 Fig. 6 is a perspective view for explaining another method of holding the reflection surface block of the first embod- 
iment; 

Fig. 7 is a perspective View for explaining the second embo^liment of the present invention; 

Fig. 8 is a perspective view for explaining the third embodirWeht of the present invention; 

Fig. 9i^la^^rspective view for explaining the' fdUi-Jt^^embodiment of the present invention; 
20 Fig. 1 0j@[£)[yiQWflbr explaining an example^f is^^peta^mold structure in.the present invention; 

Fig. 1 1 is a view for explaining the method of working a metal mold usoHor forming a first reflection surface block; 

Fig. 12 is a view for explaining the method of working a metal mold used for forming a first reflection surface block; 

Fig. 13 is a view for explaining an example of a metal mold structure in therpresent invention; 

Fig. 14 is a view for explaining.an example of a metal mold structure jn the present invention; 
25 Fig. 1 5 is a section^ yiew i^i^ observing an optical path section view in an actual design example from the -Z-axis 

direction; I i ^ ^ . " o 

Fig. 16 is a sectional >ne w upon observing an optical path section viewV ^ ^ah actual deagn ex^^ +Z- 
axis direction; y^/T-O ' ^ cipQ f r ! ;f:if:A ; :r 

Fig. 17 shows numerical value data in the 'a[ctual design example; » ;ij I'/.^V. \ . Vc; 

30 Fig. 1 8 is an optical path section view for explaining the sixth embodiment <^ the present ifi^^entibn^^ " 
Fig. 19 is a perspective view for explaining the sixtti embodiment; I -L i; i lOi • 

Fig. 20 is a perspective view for explaining the rnethod of holding a reflectbn surface group of the sixtihi embodi- 
ment; . 

Fig. 2 1 is a perspective view for explaining another method of holding a ref lectio^i surface group of tiie sixtii embod- 
35 imenl; 1 " /Z^. Y^^^^ y^^- ' ^ 3 

Fig. 22 is a perspective view for explaining the sev&rith ernbodirhent; 

Fig. 23 is a view for explaining an example of a metal mold structure in the present invention; 

Fig. 24 is a view for explainirig the method of working a metal rf^ % >; 

Fig. 25 is a view for explaining an example of a metk.mold striJcture in the ^r^eiit ifiventibh; q 4 
40 Fig. 26 is a sectional view upon observing an optical* patii Sjsctipn view in an^ctual desigh example from the -Z-axis 

direction; ^ .y ' 

Fig. 27 is a sectional view upon observing an optical path section view in ar{ actual design example from the +Z- 

axis direction; ^ " 

Fig. 28 shows numerical value data in the actual design examp|^- . / 
45 Fig. 29 is an explanatory view of a conventional reflection. optical system; ' 

Fig. 30 is an explanatory view of another reflection optical system; 

Fig. 31 is an explanatory view of still another reflection optical system; 

Fig. 32 is an explanatory view of a conventional optical prism; 

Fig. 33 is an explanatory view of a conventional observation optical system; arid j 
so Fig. 34 is an explanatory view of another observation optical system. 

DETAILED DESCRIPTION OF THE PREFERRED EI^BODIMENTS 

[0055] The preferred embodiments of the present invention will be described hereinafter. Prior to tiie detailed descrip- 
55 tion of the embodiments, a method of expressing numerical data of each embodiment, and items common to all the 
emlxxJiments will be explained. 

[0056] Fig. 1 is an explanatory view of the coordinate system which defines numerical data of an optical system 
according to the present invention. In each embodiment of the present invention, a surface placed at an i-th position 
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along one light ray (indfcated?by thefone^shed chain JineiaFig. 1 and will beTefernBd to as areference axis light'iay ■ - f 
hereinafter), which travels from the objectcsidfe toward an image;plane, will be referred to as an i-th surface. 
[0057] ' Referring .to Fig.: 1 j a first! surface Rl isa stop.ta second surface R2 is a reflectioni surface which has a tilt with^ 
respect to the first surface Rl. and third and ioSMhfet^ R4 are* hef lection surf^cefe/ whichihave shifts a^^ 

5 tilts with respect to their immediately preceding surfaces. These reflection surfaces construct an optical element B1 . 
[00581 • "Since the optical .system of the present . invemion is a decenteririg op 

construct the optical systerri do nbtha^3^B ariy common bptitaliaxis; Forttiiis reaspn»Mri each enribodiment of the^^ iiJ 
invention, an absolute coordinate systemrwh^^ 
surface, is set. . i v^ : r k 

10 [0059] *i each embodiment of the ipresenttinvention,^ the central^point of the lightJ^ effective diametefof the first sur?^ » ; 
face Is iset.as the origin; andihe path of a light ray <rfefe^ence!axis light ray) . which paSses:throagh the?oh^ 
center of a final image plane is defined as a reference axis of the optical system. Furthermore, the reference axis in 
each grnbddimeht of the present inv^ion has a direction (senSe); The direction agrees!With;tiiat the reference axisJight : r 
ray travels Upon^imagingivi^cc;^ : ■ , rv '>;• i i^'^ •■ ^yU-'y wvt;.c.- > - -...i::i--c 

75 [0060] In each embodiment of thepceserrtJ'nviBhtion, thefeference' axis bf the opfc^ m»Ttfonerf. 
above. However, in the method of determihihg the reference axis of the optical system, an axis which is convenient for 
optic^l^de^ign. aberration) correction, or expressioniofiihe respective surface shapes that construct the optical system; m ^ 
may:bfe=used. ^'vtri-^-fi';;- ---'or..:^ -nagc nnn^^\ ^-w;:^ -rck^^ :r '-.f: 'j^v-r-^- 

[006t]v/;lr] general, however; a patii iii which. alight ray (referisnce axis JiQW ray)^^ 

20 of thelirsl surface t>f tiie^optical system and reaches the center of the final image plane, is reflected by reflection sur- 
facei5 fe si^t as the reference axis iThe order of the respective surfaces is the one in which the reference axis light ray 
undergoes reflectior^ii "^ii'-O i- 'i i'i»>^ st^^'wc -^^bo a^iO ic\\:-d\o\\ ^^^jJa* v \:{ b".- KiL'vv::<^d ^i^k'- :'';^-0:«r:inr;in- "ficiii^joc 
[0062] : Weftce.: tiie reference axis f inaliysresiches the tJenter of the image plane whilfeichanging. its dir^rtiph according? -I : 
to a law ol refJectibn in^thfe pri^eterraihed order crfrthe li^ s ivji^/pi . ir= ^- rM! r - : 

25 [0063] All tilt Surfaces tiiat constriJCt.the optical system>of eaqh. embodiment lofltiie; present Invention basically have 
tilts jrt^n identical ^jlaha: For tiiiScreasoi^, thetespective axes of the absolute cbordinate syfiltem iareidef ihed as follows: ^ 

;jU: il lO diV»iUi«, iT-JkiC^uOn ?,u:birA^S. PS<r. :iO^''V>d pl^snOi.. 

X^a36s: arefererlce axis which passes through tbe origin and extends to the second surface R2>^j ; ^ a. 
Y-axis: a sfraight line which passes through ttie origin^ (and makes 90** counterclockwise with the Z-axis in a tilt 

30 " !pltoei(in flie plan^ of p^er oflFIg: 1)> ^'-c: Hi?jrr x an f^y? p;oo:> u;; i:ijbs:ij vaiiori ^^riu^:^ Gy^tc?r: tjit^ huuulim;:? in 
X-axis: d straight line which passes through the^brigin/ iantf is perpendicular to t^^^ 

pendicuiartdtheplan^ofipaperof Fig.^ 1> > .^t r h > e 2 ^^ivh^q o % ■ a o r :iv ^ f • 

[0064p;>1h oitler to express tiaejshape otjanJ-Jhifeurfacp ttTiatlotm^ 

35 .by setti^igaJocalcoordinatfe^ystfe^^ origin ti^intersectibnijetvifeenitiaereferSnceiax^ancf 

and expressing ttie surface shape of tiiat surface by tiie local coordinate system, ratiier than by expressing ttie surface 
shaf>^usihg tiie' absolute coordinate system. Fpt this reason, in.an embodiment that displays numericaldata ofithe 
pre^§ntfitiventiQo;tfi6:^r1at^ sh&pe of the^i4h surfacsis e?qDre§sfedby»the local coordlnate:^^^ c:>ri:: i e 

[0065}*ra?fSie tilt angle of theibth fSurfacein a^ YrZpiane is^Bxpressed by ah an^le el which; te positive in the odunterr f 

40 Clockwise directiort Iwiih respect ta*lhe:?ZEaxis of tfie absdiute coordinate ^ystemr:^ Henee/in iBac3h^mlxxJin9e(rt;o^^^^^ e 
present invention/ tiie Origin of tine local x^pordinate is^^tem of each surface i^ located 'On; the Y-Z plane in Fig:* 1 . -k « r ^ 'iv 
[OOeai^i^rtosurfabedecenteping is presejTt Ihcth^)^ jFiirth^rmdr^iiheiy-and zraxte cSffltie local boor- : rc 

dinatasystemCk; y; z) dl the i^th surface have'a'tiltdf^an angle 6? witii thei^absoJute cbdrdinate «yslenfi(Xv v; Z) in}iheCy?r:e n 
Z plane;^and arleset'a3.fblloytfS^'<i^ il-iv^ .^iiuivtth.t:..c^" "^lis atiiviu tv^- ?>hov^«^ i-.'. f\':i ^HS:fi.^;y (H.^ ..<iir c!.- 

z^aoiis: a straigfit line which passes through the origin of the local coordinate system, and makes an angle Oi coun- 
t^reibckwlse with the Z-dirfection^ ^ im^ ito .^C 

;^^x^: a straight Hhewhichpaiss^ ttirougb the prigiri of^e local coordinate system^ abd makes^O^cduntercJockT iviu 
iwi6awith;ttie?2-clrectiOT;lfiihe^Y-Z t>^^^ ^h^./j •?2^* ua^^iH^.J-Co il?i'i 25>7. ?v:v=!:. -kIih .^ o? 

50 xraxisria Straight fine passes through tfie origin of the local coordinate system, and is perpendiciiar to the Y-Z 

plane,'. ^K-i^-lp; i^-^t -r^-^ oO!Tl?tH'i :ru:i: !i -^^ t^^;^^ j/'^^l- f:.- ^i-^ >!^' CiiV . -5 ^^--i ': i Qhi b!-=t;Onnr.- -iiC'U*-) ■ T;:. :■: pa!."ih^»;!v ■ 

[006^1 iJU^.fDiiS'lhe scalar quantity that represent^ the sfJacing between tiie oricfins of tiie 1ocal-c6brdjrtate Systems 
of thQ i=*thand (itfltrthtsurtaces. and Ndi and vdi are respectively tiie refractive index and Abbes number of a medium 
55 .betwfeerv»ie irthKandi{i-f1)-fl1surfacesj=^ cari ajso u^^ in^iiy^A .v...: ii^^oij^fii^^i^M?- A (iw.<.Jio?.-;>--/*:rv.' -^:av*u w*^ 
[OOeai , €ach embodiment of ithe present ifWerition has a spherical surface and a rotation-asymmetric aspherical sur- 
face/Ofrthese surfeces,ithe spherical shape of t^ 

Ri of ctorvaturiehas^a niiriuS^ign'wheri'theceMeP^^ cthyatuFe ispresertt-onthe first-r^grlace side=^lorig1hfe,T^encfe-X:G 
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20 



axis (one-dashed chain line in Fig. 1) which extends from the first surtece toward the image plane, and has a plus sign 
when the center of cun/ature is present on the image plane side. 
[0069] Note that the spherical surface has a shape given by: 



z = 



(x^+y^)/Ri 



1+{1.(x2+y2)/Ri2ji^ 



[0070] The optical system of the present invention has at least one rotation-asymmetric aspherical surface, the shape 
10 of which is given by: 



z=A/b+C02y ^+C20x ^+CX)3y%C21 ^ ^y+C04y'*+C22x V^+C40jj 



for 



15 f\ 4 ^ . ■ 

A=(a+b) • (y • cos ^t+x ^) 



B=2a • b • cost[1+{(b-a) • y ^sin(^^^ • b)+[\H:{(b-a) • y • sin^^-^-g)} 
. -{y ^/(a • b)H4a rb • cos ^t+(a4b) ^ sin ^t};^ — ^ -] '^^] 



25 [0071 ] Since the above curved surf^cS fprmula tndude^ of even orders alone tor x, a curved surtece defined by 
the above curved surface formula has a-plane-syhlmetric sH^e having the y-z plane as the plane of symmetry. Fur- 
thermore, when the following con^i^dnis sati^ied. the.curve^ surface has a shape symmetrical about the x-z plane: 

.Co3VCi, = tLo 

r|>^v -^ >..::i-::>::^/,l . m ■ 

Otherwise, the curved surface has ai rotation^feymmetric shapp. 

[0072] Moreover, when the follcwoi^ cpridition is satisfi^ Jtbe curved surface has a rotatipn-symmetric shape: 

[0073] In each enribodimerii oif4he^ ihy|6nt|^ ^s^shown in Fig. 1 , the first surface (the incidence side of the 
optical system) js the stop. Also) a hprtzonfal half field arigje uY is the maximum field angle of a light beam which enters 
the stop R1 in the Y-Z plane^^fn Fig^^ 4>ri#ieVc^ stop as the first surface is presented as the stop diameter. 

[0074] This relates to the iDrig>rtne^'o^^ Note that the stop diameter is equal to the entrance pupil 

40 diameter since the eptfaniife piipil JsTocat^ oh^^elfr^t surface. 

[0075] Furtherpibf^. theeff^tly^^ image plane is presented as an image size. The image size is 

expressed by a rectangular regions th^^^^^^^ vertical sizes of which are expressed by those in the y- and x- 



directions 



s of the iocaLl:coordinate systent^ V^V / 



45 (First Embodiment) \r X_ JS>'/ 

■ t-.t-'- ■ - A// 
[0076] The first embodiment of the present invention will be desaibed below. 

[0077] Fig. 2 is an optical path sectional view of the first embodiment. Reference numeral 1 denotes an example of 
an optical element which is integrally formed with a plurality of reflection surfaces having curvatures and. more specif i- 

so cally, an optical element which has five reflection surfaces, i.e.. a concave mirror R2, convex mirror R3, concave mirror 
R4. convex mirror R5. and concave mirror R6 in turn from the object side. The reference axis that enters the optical ele- 
mem 1 and the reference axis that leaves the optical element 1 are parallel and have opposite sense. Reference 
numeral 2 denotes an optical correction plate such as a quartz low-pass filter, infrared cut filter, or the like; 3. an imaging 
element surface such as a CCD; 4, a stop placed on the object side of the optical element 1 ; and 5. a reference euis of 

55 a photographing optical system. „ . _ _ 

[0078] The imaging relationship in this embodiment will be explained below. Light 6 coming from an object is incident 
on the concave mirror R2 of the optical element 1 after its amount is limited by the stop 4. 

[0079] The concave mirror R2 reflects the object light 6 toward the convex mirror R3, and forms a primary object 
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image on an intermediate image plane N1 by its power 

[0080] In this manner, since the object image is formed in the optical element 1 in an early stage, an increase In light 
ray effective diameter of the surface placed on the image side of the stop 4 can be suppressed. 
[0081 ] The object light 6 that forms a primary Image on the intermediate image plane N1 forms an image on the imag- 
5 ing element surface 3 while being repetitively reflected by the convex mln'or R3. concave mirror R4, convex mirror R5, 
and concave mirror R6, and being influenced by the powers of these reflection mirrors. 

[0082] In this fashion, the optical element 1 serves as a lens unit which has desired optical performance and positive 
power as a whole while repeating reflections at the plurality of reflection mirrors having curvatures. 
[0083] Fig. 3 Is a perspective view of the optical element shown in Fig. 2. 
10 [0084] The same reference numerals In Fig. 3 denote the same parts as In Fig. 1 . 

[0085] In this embodiment, the optical element 1 is formed by placing reflection surface blocks, each of which inte- 
grates a plurality of neighboring reflection surfaces having curvatures, at opposing positions. 

[0086] Referring to Fig. 3. the concave mirror R2 as the first reflection surface of the optical element 1 . the concave 
mirror R4 as the third reflection surface, and the^ concave mirror R6 as the fifth reflection surface construct a first r^lec- 

15 Won surface block 7. which integrates ihree reflection |ujjaces. 

[0087] The convex mirror R3 as the second ref lectioK^urface of the optical element 1 . and the convex mirror R5 as 
the fourth reflection mirror, which oppose the first refectipri sprface block 7; construct a second reflection surface iDlock 
8. which integrates two reflection surfaces. The first and:|ec6rtd reflection surface blocks 7 and 8 form the optical ele- 
ment 1. ' ' . ' \ ' ' 

20 [0088] In this way. using the reflection surface blocks each off which integrates neighboring reflection surfaces placed 
at decentered positions, the assembly time can be shortened and layout errors upon assembly can be reduced as com- 
pared to the individual reflection surfaces which must be placed at precletermined decentered positions, since the Inte- 
grated reflection surface blocks need only be placed at predetermined positions. 

[0089] When the reflection surfaces of each reflection surface block are integrally formed using a metal mokl. high 
25 positional precision and surfece precision of the individual reflection surfaces can be guaranteed irrespective off produc- 
tion quantities, and high positional precision of lhe. r€rfl^qtior|m^ whicb.is hard to attairi In'vthe conventional system, 
can k)e easily assLii:ed. \. ; /' ''"^ I | _ „M 

[0090] In this c^s^'. tiie first and second reflection sullaceblocte 7 and firiay Be formed er^^^ integrally or separately 
using a metal mold. However, in consideration of a process of forming a/i^le^ction film on eacl;i reflection surface by dep- 
30 osition. sputtering, dipping, or the like after formdf^oii of each reff lection ^^CinlaGe block, it is preferable to form the reflec- 
tion surface blocjis Separately, and contome the fystand second refleptibn s|irface blocks 7 and. 8 after the reflection 
film is formed on <&ch reflection surface'!^ deposi^^nT^uttering. dipping.* or '^e like. 

[0091] As a method of combining the first and seicond reflection surface bft)^ 7 and 8. which ai^e separately formed 
using a metal mpW, as shown in. e.g., Fig. 4, columnts Sa Jo 9d which exteyj^from the first reflection surface block 7 

35 toward the secoril reflection surface block 8 at positionsWere tiiey do not ec\^e effective jight^rajrs off the optical ele- 
ment 1 . and columns 1 0a to 1 0d which extend from the secc^Td reflection suifece block 8 toward th^ first reflection sur- 
face block 7 at positions where tiiey do not eclipse effectiv^^^igfrt-rffys of the^ical element 1 nepd only Be joined to 
hoW the spacing between tiie firs.t,and second reflection s&ce Wbcks Zand 6 to be a design valfje. Alternatively, tiie 
distal end portions of the columns 9a to 9d on the first reflection surface block s may serve as n\tk, and holes m^ be 

40 formed at the distal end piortion^ of tiie columns 10a to lOd oh the second reflection surface bloc|< 8. thus assembling 
the optical element 1 by coupling the nibs and holes. x; i/"^" -.^-^^^^^r-.-^y- 

[0092] These cdlUmnsSa tb 9d and 1 0a to 1 0d are placed at predetermin^posrtions ori t^^^ reif lection surface blocks. 
H these columns 9a to 9d and 10a to lOd are formed using a metal mold simultaneousiy with formation of the reflection 
surface blocks, tiie need for a process of attaching tiie columns 9a to 9d and 1 0a to 1 0d to the reflection surface blocks 

45 can be obviated. Hence, the number of parts can l>e reduced, and the manufacturing cost can also be reduced. 

[0093] When the reflection surface blocks and columns are simultaneously formed using a metal mold, the length of 
each column can be managed at the precision of the metal mold, and the spacing between the opposing reflection sur- 
face bk>cks can be accurately held. 

[0094] The columns are joined or coupled in a range outside the effective light rays of the optical element 1 . However, 
so light other than effective light rays may strike these columns and become ghost light. 

[0095] To solve this problem, in this embodiment, for example, light-shielding grooves are formed on the columns 9a 

to 9d and 10a to lOd to reflect incoming light other than the effective light rays on the columns in directions other than 

the optical path, or the surface of each column is subjected to a blast process to diffuse Incoming light on the column. 

thus preventing production of ghost light. 
55 [0096] When the light-shielding grooves or blast-processed portions off the columns 9a to 9d and 10a to lOd are 

directiy formed on the metal mold, a measure against ghost light can be taken simultaneously witti fonnation of tiie 

reflection surface blocks. 

[0097] Furthermore, when zooming or focusing is done using tiie optical element of this embodiment, a holding por- 
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tion for fixing the optical element to a movable stage may be directly formed on the reflection surface block in consider- 
ation of movement of the optical element on the movable stage. 

[0098] Fig. 5 shows an example of a holding portion for fixing formed on the first reflection surface block. 
[0099] Referring to Fig. 5, a holding portion 1 1 is formed on the rear side of an effective reflection surface of the con- 
5 cave mirror R4 of the first reflection surface block 7, so that its bottom surface 11a extends in a direction parallel to a 
plane including the reference axis 5. Zooming or focusing is done by coupling this holding portion 1 1 to a movable stage 
(not shown) and moving that movable stage. 

[0100] Since the plane including the reference axis 5 is parallel to the bottom surface 1 1a of the holding portion 1 1 , 
the parallelism between the movable stage and optical element can be easily guaranteed by coupling the holding por- 
10 tion 1 1 arxJ movable stage parallel to each other. For this reason, the influences of decentering arxj the like of the ref- 
erence axis produced upon movement of the optical element can be removed, thus preventing deterioration of optical 
performance. 

[0101] Note that the bottom surface 11a of the holding portion 11 preferably has a mirror surface. Furthermore, the 

surface roughness of the bottom surface 1 la is preferably 0.08 ^m or less (Rmax). If the bottom surface 1 la is polished 
15 to a surface roughness of atx^ut 140 2 fim (amaxK thel peak portions of the.three-dimensiohal surface may be destroyed 

or shaved to Impair the parallelism with the plane including reference axis 5, thus posing th<e problem of decentering 
. again. ...SZ. - . r' \ 

[0102] As another example of zooming or focusing using the optical etemen! pf this embodimerrt, a method of forming 

holes on the reference surface blocks of the optical^lemdntrf itting a shiaft into the holes, and moving the optical ele- 
20 ment along the shaft may be used. \ \ 

[0103] Fig. 6 shows an example in which through holes ISa'and 13b that receive a shaft 12 are formed on the first 

and second reflection surface blocks 7 and 8. r 

[0104] Referring to Fig. 6, the holes 13a and 13b are formed ori the first and second reflection surface blocks 7 and 
8 at positions which have equal distances from the plane including the reference a^is 5, arid are sftBparated from a light 

25 ray effective portiori^of each reflection surface. \ \ ' 

[0105] Upon fittirig the shaft 12 into these holes 13a and 13b. the plane including; the*reference axis 5 stays parallel 
to the shaft 12. and the shaft 12 can seiye as^uide i^onrnovemenldf the optical elernent, thus translating the optical 

element. ' - ''-i — - v ^ \ L^^^—^^-^l^-^^^^X 

[0106] In Fig. G.^dnly one shaft 12 is used. However, many shafts ttiay be used. \ 

30 [0107] To restate, by forming a reflecting optical element using ametal moid, the fef lectihg optical element can have 
a plurality of functions, e.g., a holding function, light-shielding functfon, a^xi the like, the iriurfiber of parts and manufac- 
turing cost can be reduced, and the functions. a|d performance df the ^optical element can b6 improved. 

'^^ 1^^., ^ . :> 1 * ' ' 

(Second Embodiment) ' • r 'A ' 

35 V . --"--;V i' " ; I 

[0108] The second embodiment will be explained below with referencfe to Fig. 7. In this ehnbodiment. another reflec- 
tion surface block, which does not face the first and second refjec^on si^ace tdocks of the first embodiment, is added 
to change the directions the reference light ray that enters and leaves tH(g|]iptical element 1 : ^ 
[0109] Referring to Fig. 7, a third reflection surface blockH4 is placecfenext to the convex minrpr R3 of the second 
40 reflection surfece block 8, does not oppose the first and second reflection surface blocks 7 andiB, and has a tilt of 
around 45*" with respect to the incidence reference axis to rpake a refeipnce axis 5a. whfc[i entbfs from the +Z-axis 
direction In the first embodiment, enteir from the -X-axis direction. |/ ' ^ -='-=--^ f> 

[0110] On the other hand, a fourth reflection surface block 15 is pladed next to the convex mirror R5 of the second 
reflection surface block 8, does ndt oppose the first and second reflection surface blocks 7 and 8, and has a tilt of 
45 around 45*" with respect, to the incidence reference axis to make a reference axis 5b, which leaves In the -Z-axis direc- 
tion in the first embodiment, leave in the +X-axis direction. 

[0111] In this embodiment, since the optical system is built by only reflection surfaces in contrast to a conventional 
system in which reflection mirrors are inserted in a refraction lens system to change the angle of light rays, the third and 
fourth reflection surface blocks which do not face the first and secorxl reflection surface blocks, are added, and have 
so curvatures, thus easily changing the directions a light ray enters and leaves the optical element, while correcting aber- 
rations. 

[Oil 2] In this embodiment, the reflection surface blocks which neighbor the first and second reflection surface blocks 
may be formed simultaneously with formation of the first and second reflection surface blocks. 
[0113] For example, since the third reflection surface block neighbors the second reflection surface block, it may be 
55 formed using the metal mokJ for the second reflection surface block. 

[0114] Of course, after the third reflection surface block is formed independently of the second reflection surface 
blocK it may be coupled or joined to the second reflection surface block. 

[Oil 5] In this feishion. by adding another reflection surface blocK which does not oppose the first and second reflec- 
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tion surface Wocte, the Bntrance and exrt directions of the ^r^^ can be freely set In a camera using ^ 

the optical element of this embodiment, since the entrance.and exit directions can be freely set. size and thickness 
reductions of the camera can.be attained <iue to a depraasemiciead space, and a camera having a shape that has never 
seen before Ccun be achieved. 

(Third Embodiment) " — ' 7" - " ■ -: 

[0116] The third embodiment of the present invention will be described with reference to Rg. 8. In this embodiment, 
refraction .members are placed next to the first and second r^lection surface blocks, 'vii' / :u ::.r 

w [01 1 71 Refening to Fig. 8, a refraction member 1 6 is placed next to the convex mirror R3 side of the second reflection 
surface block 8 in the first embodiment, and has a positive refractive power. 

[01 18] On the other hand, a refraction member is placed next to the convex mirror R5 of the second reflection surface 
block 8. and has a negative refractive power. 

[0119] In this embodiment, by approprfately placing the refraction members arxl reflection members, design that uti- 
15 lizes the features of the individual members can be acNeved. For exarrple. the refraction members share the power of 
the entire optical element, and the reflection members share aberration correction. In this way. the degree of freedom 
in optical design can be increased, and a high-performance optical element can be obtained. 

[0120] Normally, chromatic aberrations are never produced in principle in a reflecting optical system built by only 
reflection members. However, When a hybrid bjitidal sy^terri is lijirt ising both reflection members and refraction mem- 

20 bers. chromatic aberrations are produced in the refraction members. 

[0121] To solve this problem, in this emkjodirnerrt, a pair of refraction members respectively having positive and neg- 
ative refractive powers are inserted in the reflecting optical system to cancel chromatic aberrations between the two 
refraction members. Hence, even though refraction members are used, chromatic aberration correction of the entire 
optical system can be achieved. 

25 [0122] iWhen the refraction member fe formed of the sanrieiTiaterial as --^ 
simultaneously formediupon forming the reflection surfacetlslocfci^ovi^everrthe refraction inember ma^^ be fqrmed of ai » 
mat6rialTliffererlt:from1hat?ofthe reflection surfafcebtockTinconsideration^of theabove^memioriede^ 
correction. In this embodiment the refraction member of the positive refractive power is placed at the incidence side of 
the optical element and the refraction member of tiie negative refractive power is placed at the exit side. Alternatively, 

30 ihe refraction member of the negative refractive power may be pfaced at the oficidence side, and the refractive member 
of ttie positive refractive powenmay be placed at the exit side. Wh^nihe optical system has a large chromatic aberration 
allowdhd^ a piair^f refraction- hiembers both ha^ positive or negative refractive powers may be used in place of the 
pair of refraction members respectively having positive and negative refractive powers, or a refraction member having 
a positive or negative refractive power may be used alone. , ^ - 

35 [01 23] When the refraction members are placed at the incidence and exit sides of the reflecting optical system, they 
can be liSed as cowers for presenting; du^ from errtering the -reflectirig optical sys^^ of 1! m: 

infiag^ijuality duetodust/.ivp' -^^^-^ or, f:-^l: v^ ' ^-^t?:?-^ i7^^.xir:.mum0 nnglf? or o ry;,;- b.:^iv^ v 

(R)udl1i'EmbdduTiertt)Wit:; J? > t;t?? i ;r-^r • : ^i-;... fro I johofi; ^:v:i?v:?*A. -^otft tha' tho ftrrn*' c^^^^^^fx ii^ t:uj;f:! iu cntr r>nco r/tiriii 

[01 24Ji7 m^e Iburth embodiment will be explained t^elow withrref^rfipce to Fig. 9. Jn mis en^jodiment a refraction ?memr c 
ber is plaeed nextto av^rieflection surface WocK which does not oppose the fir^^nd seconrf rettefctiorltsurfacet^^ > 
[D125]r;ji l?eferrirtg to fHgi;9, alh^ reflection surface t^lock 15 is placed next to the convex minor R5 of the second 
reflection surface block 8, does not oppose the first and second reflection surface blocks 7 and 8. and has a tilt of 
45 around:45?rWitii respect to the incidence reference axis 5. VSTrth this block, the reference axis 5 which leaves in the -Z- 
axls direction in the first embodiment leaves the optical elemerrt in the +X-axis direction. 

[0126]^/ 3Dn a referenceaxis 5b thatileaves the optical element in the^X-aws direction, a refraction member 18 having 
anegdtiS^ refractive^powec^fe placed next? to the third reflection surface block 1 5: e er cot rT«..:rr;^ra^ >x'u-^i;e «vi 

[0127] ^^ i NoPrhally. by behding the bptic^ inevitat^ly 

so decreasi3S.tln ihisi embodinieht, by s^rthesiang the 16 and refraction ^ryiemberr^.ia^ rov. 

decrease in back focus' length produced t¥)on bending the optical p^^ ~ • i( 

[0128]^ 1 In tftis f^iont JDy pladng Ihe refraction hrientber ne^ to the reflectioia surface blbcK^the ^Jegree of freedom in rv^^c 
optical: design ':6an:fc>e increased, imaging perfbrrnanceican tJe imprDv^^ arlid the degree of freedom* !n c^ systernriiiil:; 
le^oiA'can also be increased. In addition, dust dani)fe:prevertW fr^ f^^- 

55 a i^hoTiAdiraphUfu _v^^-'<^; '^VKk^ ....... 

(Fifth^EfEbodirhenOiiC;^? ^ ::^?:v^i^v:::h;>: »n ci;fboai::n'^n^ wu? Ic u>;nio):Uivi Li^^jv:. i icjJTi Li Lar.uto ircfn an --A'l-^rjri -^i ir'^v^Mm 

[0128P /OThe first'exanrY>le of armetai niold stixicture for formirig^the aforementioned r 6uHace:bk>cks will bei^c: 
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described below with reference to Fig. 10. 

[0130] Fig. 10 is a sectional view of a metal mold 19 for forming the firsl reflection surface block 7 in the first embod- 
iment. The metal mold 19 is made up of a pair of metal mold units 20 and 21 used for integrally forming the concave 
mirror R2, concave mirror R4. and concave mirror R6 thai form the first reflection surface block 7. 
5 [0131] Note that the metal mold unit 20 is comprised of three metal mold blocks 251 . 252. and 253 which respectively 
correspond to the three reflection surfaces, i.e., the concave mirror R2, concave mirror R4. and concave mirror R6 that 
form the first reflection surface block 7. and the metal mold unit 21 is also comprised of three metal mold blocks 261 . 
262, and 263 respectively corresponding to the three reflection surfaces. 

[0132] In this embodiment, since metal mold blocks corresponding to a plurality of reflection surfaces having curva- 
10 tures, which construct each reflection surface blocK are prepared as units, even when the individual reflection surfaces 
are placed at decentered positions, the metal mold shapes can k>e freely designed, thus allowing Integral formation of 

the reflection surface block. /f 

[01 33] Since the metal mold blocks correspdMrng to the individual reflection surfaces ^n be manufactured, the work 
margin from the effective light ray region, which is required in normal metal mold working, need not be excessively esti- 
15 mated, and the spacing margin between neightx»rlng reflection. SLulacesc^^ Consequently, the size of 

the reflection surface block as a set of reflection surfaces cart be.jTiinimized. - . 

[0134] However, when a metal mold is divided in units of metal mold blocks, the positions Of the divided metal mold 
blocks must be accurately adjusted to guarantee high positional precision among the divided metal mold blocks. When 
each reflection surface has strict i:)oiitional predsibn, a metal moki that, forms a plurality, of reflection surfaces having 

20 curvatures by a single, continuous surface is preferably used. \ ^ 

[01 35] More specifically, when the reflection surfaces are dose to each other, or when it-is impossible to uniquely set 
the step amount, the blocks that construct the reflection surfaces must be divided. If the individual divided reflection sur- 
face blocks are formed in correspondence with dFfective WqYA r^y regions, the effective light ray regions have various 
shapes such as an ellipse, polygon, and the like biased on a grdie and rectangle, as shown in Figs. 15, 16, 26, and 27, 

25 and also have various sizes In correspondence with the amourffs of -reflected ^ective light rays. yNhen all the mirror sur- 
face shapes are standardized to a rectangular shape without being inf luencfi^^)y various relatiqnships witii the effective 
light ray regions, ^nd the mirror surface work area of Wch divided ref lectk)n s3(1ace block is dejermined in correspond- 
ence with theiOiSS having the broadest mirror surface'area, the quality of -eachcblock can be improved, and high posi- 
tional predsion upon assembly of the reflecti9n surface blocks can be maintained. 

30 [01 36] However, when the neighboring portions of the ref lepttori surfacei of ihe reflection surface blocks have a step 
therebetween, a plurality of reflection surfaces cannotrbe formed by a siiple. continuous surface. \ 
[0137] The reason for such difficufty will be explained below with reference tQ Fjgs. 1 1 and 12. 
[0138] Fig. 1 1 is a schematic view when the metal mold unit 20 is polished bjf a grinding wheel 22. \ 
[01 39] Refenring to Fig. 1 1 , assume that the metal mold blocks 252 and 253 cdrresponding to the concave min^ors R4 

35 and R6 have a step tiierebetweea In general, the grjjnding wh^el 22 has a spherical shape, and grric^s each reflection 
surface on tiie metal mold. Since the grinding wheel 22 has a spherical shape,|it cannot contact; an edge portion E 
formed by tiie metal mold blcK^ks 252 and 253 upon working the kx)undary portions t>etween tiie metaJ mold blocks 252 
and 253 corresponding to ttie concave mirrors R4 and R6. For this reason, the edpe portion E cannot be 9?dund to form 
the neighkx)ring ref lectiori surfaces by a single surface. '/^ . [ ': - 

40 [0140] Fig: 12 Js.a schematic view when the metal mold unit 21 Is ground th^^grrirKlirig whe^ 22. For the same 
reason as described in Rg. 1 1 . the edge portion E canhot be worked. _ r 

[0141] In order to avoid such situations, the neiphbjpring portions of the respective reflection surfaces may be 
designed not to form any steps therebetween in optical dei^ign. However, such method is not preferable since the neigh- 
boring portions must have equal curvatures and. hence, the degree of freedom in design lowers. 

45 [01 42] In tfiis embodiment, when the neighboring portions of the reflection surfeces that i^pnstruct the reflection sur- 
face blocks have a step therebetween, the neight>oring portions are formed outside the effective light ray regions of the 
reflection surfaces, and have shapes that smoothly connect the ref lection surfaces to be Worked, so as to form a plural- 
ity of reflection surfaces by a single, continuous surface. 

[0143] Fig. 13 shows the second example of the metal mold sti:ucture in this embodiment. In this example, the con- 
so cave mirrors R4 and R6 of the metal mokJ unit 20 are smoothly connected by a neighboriifitg portion 23 without forming 
any step at tiie boundary portion therebetween, thus forming the metal mokJ unit 20 by a single, continuous surface. 
. [0144] Referring to Fig. 13, the neighboring portion 23 falls outside the effective regions of tiie concave mirrors R4 
and R6. and Hs shape can be basically freely set as long as It does not eclipse the effective regions of the reflection 
surfaces. 

55 [0145] As a method of determining tiie shape of tiie neighboring portion 23, for example, if the shape of the neigh- 
boring portion 23 is defined to smoothly connect the edges of the effective regions of the concave mirrors R4 and R6. 
the metal mold unit 20 can be formed by a single, continuous surface witiiout forming any edge portions that cannot be 
ground by the grinding wheel 22. 
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[0146] Fig. 14 shows the third example of the metal cnoid staicture in this embodiment. 4n this example, a neighboring - 
portion .24 smoothly connects the <toncave mirrors R4^arW<R6^ metal mold unit 21 by the same method as that 
described in Fig. 13 without forming ^ny step at thet boundary portion between^ the concave mirrors R4,ar)d R6. thus 
forming^the metal mold unit 21 by(asing}e..<x)ntinuoiJS surface^: : ;^ s v- • ? > . m ^ . i-n * ■ . ti .-.c 

5 [014'^'.. In>this way, iby smooth1y;connecting the rieighbofing reflection surfaces by portions outside-their effective^: t 
regionsvihe metai mold unit can be lormed'by a<sirij9le,^a)ritnnuou8'Surface;ithus as^^^ high positional precrsldn of ^ h 
each reflection ;surfacej i • - i ,b: v 1/ 

[0148] ■ -Figs: 15 and 16are sectional views when the optical elemerrt 1 sbcDwn in Fig .2 is viewed from the iZ-aocisdirecr 
tion and -i-Zraxi&direction. ;These sectional views also showithe patterns of the effective light ray regions of the' respec? ^ : 

10 tivereflection^surfeces^. ^^ij-^ :o -tiv:!; -i-ci^ ' -r^'^^.; ■ .i;/.^ ^^'^r :::i\^='^-i : :<io Ui-nt^^ o- d:-: fo' 

[0149] ! ! Fig. 1 5 is a sectional view when the optical Element 1 is viewed from the -Z-axis directiorL Referringlb^Fig. 1 5, ^ 
the optical element 1 has the concave mirror R2 as an entrance surface, the concave mirror R4, and the concave mirror 
R6as^an exit surface, which are formed adjacent to each other.^^^^^^ > i^i^.. ii. ^ ; i^c : i-ii.o i liu 

[0150] Fig. 16 is a sectional view wh6n the optical elenrient 1 is viewed from the +Z-axis direction. Referring: to Fig: 

15 16, tiieoptical element 1 has the convex mirrors F^ahd F^,- which are located adjacent to e^ i.... vv 

[0151] Upoh^ examination of thfe neighboring portions of the concave min^ors R2 and R4 in Fig. 15, the effective light »• ' 
ray regiiGMi of the concave mirror R2 has a trapezoidal shape, and that of the concave min^or R4 has a circular shape. 
[0152] v>By contrast, since the respective reflection surfaces of the optical element 1 have rectangular shapes in terms . 
of theihconstrlictiohi as shown in-FigLc15; wheh a refiection^filmi'^sfbnTiedonthe eritire re^^ 

20 sputtering, dipping, jor thelike; it must also be formed on a broad region other than the effective light ray regions. 

[0153] ' When ghost light produced by the optical element 1 is taken into consideration, it is often produced by incident 
light coming from positions and angles different from those of effective light rays, and hence, light rays often hit positions 
outsid^.th:e effective ^fight ray regibnS'-fo- "i'j:^ ^wv' ^-^b aic; lOftneci or: ihe - ; ■'tcv lH.n stjiiace biouUi, / •■wc 

[0154]; . When ghost iltght.adversely: W and impairs performance, suchtpribblem is j- I 

25 solved by forming each reflection surtece inicdrrespondence with its effective light ray region, and placing a blank of the 
reflection surface block, which uses a rectangular-member having 'a size thatx^anoompletelycovertiqeeffective light ray = ; 
region, t)€iow the? blocfc thus assuring high precision tiy the same alignment method as^hat for the refleGtitasiirfac0!f:?:i: 
block having the starxiardized rectangular shape. 

[01^ irrJUVhen ia: reflection f am is formed onihe entire reflection surface, ghost light is highly likely to be produced from 

30 a sUfMO^portioaoth^rthan the effective light r 

as much as possiibleJo prevent ghostiighti ^ ^ OT: a h - k;^- y ^ ^ - - '^ -kc nie i -^' hc; f pr^ tn ^: : vru. :if?,r 

[0156] In thife embodimfent/ a refleblionffilmis formed by deposition; sputtering, dipping, drthe like only on each region 
indicated by the dotted line in Fig. 15 in a pattern nearly equal to tiie shape of tiie effective light ray region of each reflec- 
tion sUrfaceitO f9ave:a predetermined margin from tiie effective light ray region, thereby preventing ghost light from being 

35 produced by a region other than the effective light ray region. 
[0157] Uc'FurthfflrrnoreiTih this emkxxJiment a re^on other; ft^ 

srnoothed> surface. B.g.;diffusion surface;v6y simuttaneousiy forming.th^ diffusion surface upon fdrniihg the reflectioh lci^ 
surfaceUopI^ tMien^ghbst light producedby a surl^ise^x^rtionoth^^ light ray region hits a region other 

thantthe deposition portion; the amourn of ghoi^ 
40 'loweiingthe ghost JigfitinfensrtyD^rr oppose i^e^Hsi am ^i^^jOiKl A^'^^^^Oir \i\]ii9co biutik:?. i- jvh^ c^. has a -it; 
[0158] ^:Rgi^ 17 shows numerical data in arractt/al design iexa^ ? ^e^r^ff^r^oo c'x^r A-i^ry^ ^^nth: ^ -i-^yu :w}e 

(SixfltMrttxxiihriehQ ^Hhtsr Uuv^.i, ^. ujurl;: reilofOucr ^::arf?vr?T» b^r^ok piaccd ■ ^3 f^-r^on*-^?^ t^^n^ji I'vu ut inn Hecufic! 
( ^vii>v;t;:;.!: ij.^:- )ao<:X:'\!'^^ doo?: not oppose. IhB 1;;ivi --iJ-d ^>0f-oriU \^J^ler>Uoy' ii'ui;^^^^ V" a. r^vic- iii-: .^-flU cm 

45 [0159] .:-fnie;sixth!enribodimentiof the preseri^^ hxb- ^yMoh ii^ave?; 'r- i^e n*^;-: 

[0160] . rFig: IS ife anroptical path.^ectiohal view of thfe sijrt^ Reference numeral 51 denotes an example 

of an'Optical elementJrttegrally formed^withe^plur^itytrf elementi5t i i ii 

is constructed by: five r^lection.surfaces and twocrefr^ 

ror R3,' convex jhirrorR4;(coh€ave:nfirfrior^R^ convex mnrroi-Re, concave rvttrr<^>R7parKj convene refraction 8drfaoe'R& ih^ivr 
50 turn from: the^object sidei The?referettice axis that Bnfer^ the- optical element &1 ^uid.^e r^feirerice^is that leaves 
optical dement 51 are parallel and have opposite sense. Reference numeral 52 denotes an optical correction plate 
such.^s ^jquartzi iowrpass fitter,' infrared cut lilter,. or tfoeiike ; 53;i an imaging element surfacasuch as' a GOD;. 54, a stop ri 
disposed oh the objeotiside<of#i^ opticat^eleilien^Sl r^aridSSirBlreference axis^ optical system. 

[0169] ^ '^Tie imagingTelatiohshipSn this emiitelirnent wi 
55 on the concave j;eflectionsur^d^R21of theoptical element's t after its incidence amount is limited by the stop 54. 

[0162] i 4Tlie concave refr^ctioh^^rface J^a convert liicident object flight 56 iinto divergent light by itsipower, and tco 
the dbncav&min^dr A3 tl;ien refieotsi^ inhage'dn an intermediate image plane N1 by its power. 

[0163] I In this way, siiicethle object imagdJ&forrried in^^t^^ 
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effective diameter of the surface placed on the image side of the stop 54 can be suppressed. 

[0164] The object light 56 that forms a primary image on the intermediate image plane N1 reaches the convex refrac- 
tion surface R8 while being reflected by the convex mirror R4, concave mirror R5, convex mirror R6. and concave mirror 
R7 and being influenced by the powers of the respective reflection min^ors. The object light 56 refracted by the power 
s of the convex refraction surface R8 forms an object image on the image sensing element surface 53. 

[01 65] In this fashion, the optical element 51 serves as a lens unit which has desired optical performance and positive 
power as a whole while repeating refractions at the entrance and exit surfaces and reflections at the plurality of reflec- 
tion mirrors having curvatures. 

[0166] Fig. 19 is a perspective view of the optical element shown in Fig. 18. 
10 [0167] The same reference numerals in Fig. 19 denote the same parts as those in Fig. 18. 

[0168] In this embodiment, Jhe optical element 51 is formed by forming, on opposing surfaces of a transparent mem- 
ber, reflection surface groups, on each of which a plurality of neight)oring reflection surfaces having curvatures are 
placed at neighboring positions, in addition to the pair of eritrahde and exit refraction surfaces. 

[0169] Referring to Fig. 19. the concave mirror R3 which is located behirxJ the concavetefraction surface that receives 
75 light coming from an object and serves as the first refleciion sudace/pf.:the^ojp)tical element 51 , the concave mirror R5 
as the third reflection surface, and the concave mirror R7 as the final reflection surface of the optical element 51 con- 
struct a first reflection surface group 57, on which three reflection surfaces are ^rmed adjacent to each other. 
[01 70] The convex mirror R4 as the second reflection surface of the optical element 51 , and the convex minor R6 as 
the fourth reflectionTnlrror, which are formed to oppose the f irst>efeciion-surface group 57, construct a second reflec- 
20 tion surface group 58, which integrates two reflection surfaces. The first and second ref leil^on surface groups 57 and 
58 form the optical element 51. 

[0171] In this way, using the reflection surface groups each of which integrates neighboring reflection surfaces placed 
at decentered positions, the assembly time can be shortened and layout errors upon assembly can be reduced as com- 
pared to the individual reflection surfaces which must be placed at predet^rnriined decentered positions. 

25 [0172] When the reflection surfaces of each reflection sur^ce group ar^ integrally formed using a metal mold, high 
positional precision and surface precision of th^ individual ref lectipri surfapes can be guaranteed inrespective of produc- 
tion quantities.'aijd high positional precision of ffte reflection mirrors, yvhiiif il hard to attain in the conventional system, 
can be easily assured. ■ -^l \ \ " "• ^- 

[0173] Furthermore, when zooming or focusing is done using the optical ^l^iient of this embodiment, a holding por- 

30 tion for fixing thp pptical element to a movable stage piax be directiy^r^hfedph^Jhe optical element\51 in consideration 
of movement 6f the optical element oh the movable stag"^^^ K N | \ % 

[0174] Fig. 20 shows an example of a holding portioh formed on th^ optical efement 51. ., \ 
[0175] Referring to Fig. 20, a ho^ng portion 59 is formed on tiie rear side df\ai| effective reflection Isurface of tiie con- 
cave mirror RSlbtthe first reflection surface gtpup 57, so thatits bottoni surfaC|Bp9a extends in a dirjection parallel to a 

35 plane including the reference axis 55. Zooming or focusing i^ dpne,by,coup^ff the holding poiiiof) 59 to a movable 

stage (not shown) and moving that movable stage. \ y/ ^_ j^'V / • ' I 

[0176] Since the plane iijcluding the reference 4xis 55 is parailei to the bbttdfrii Surface 59a of the/!holdir^ portion 59. 
the parallelism between the movable stage and optical element can be easily^ ^ranteed by coupling the holding por- 
tion 59 and hfiovable stage parallel to^ch other. For this reason, the inf luen^'^ of.decem^^ arp the like of the ref- 

40 erence axis produced upon movem^ht of the optical ^ement dan be remove^ thi^^preye^^ deterioration of optical 
performance. i . ^ "^ ^^^^A -^-.^-^.^. x.^ 

[0177] Note that the,lx)tlom suitace\59a)of the hajdii^ portion 59 preferably has a mirror surface. Furthermore, the 
surface roughness of the bottom surface 59a is preferably 0.p3 Mm or less (Rmax). If the bottom surface 59a is polished 
to a surface roughness of about 1 to 2 ^m (Rmax). pe^ portions of the three-dimensional;^uHace may be destroyed or 
45 shaved to impair the parallelism with the plane Incljidin^ Verference axis 55. tiius^posing the problem of decentering 
again. o ' \ / A \ ^^if'' 

[01 78] As anotKer example of zooming or fbcusirwi using the optical element of this embodiment, a metiiod of forming 
holes on the optical element, fitting a shaft into thia hples. and moving the^optical elenrtent along the shaft may be used. 
[01 79] Fig. 21 shows an example in which QythrougKjfiole 61 thaWeceives a shaft 60 is forme$$ on the first and second 
so reflection surface groups 57 arxl 58. ^ " 

[0180] Referring to Fig. 21 , tiie hole 61 is formed in the first and second reflection surface groups 57 and 58 at posi- 
tions which have equal distances from the plane Including the reference axis 55. and are separated from a light ray 
effective portion of each reflection surface. 

[0181 ] Upon fitting tiie shaft 60 in this hole 61 . the shaft 60 stays parallel to tiie pfane including the reference axis 55. 
55 and can serve as a guide upon movement of the optical element, thus translating the optical element 
[0182] In Fig. 21 , only one shaft 60 is used. However, many shafts may be used. 

[0183] To restate, by forming a reflecting optical element using a metal mold, tiie reflecting optical element can have 
a plurality of functions. e.g.. a holding function, light-shielding function, and the like, the number of parts and manufac- 
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turing cost can be reduced; and the functions and performance of the optical element can be improved. 
. .(Seventh Embodiment)'^'^' ' t-^ --c^-: m?. n ;■ 5^ w-^--) : -iv, .- : nn i . ■^•'-■^-i^U- ■ -'-r- • 

5 [0184] The seventh embodiment will be explained bel^ with iteferertce to Fig::22. In this embodiment another ref lee- 
tion surface grbup; which does^ not face thefirst land Second reflection siiirfacegroups ot the sixth erhbodiment,~is added h=» 
to changeihe directions the. reference Jght ray that enters and leaves an optical elementi70.'? ' -^^^i^ » ■ > s 
[0185] Referringjtp Eigj 22; a third refieclipn surface group 62 is constructed by a concave mirror RIO. and is placed 
next<t6 the convex minor :R4 side of the second riefliectibn surface group 58. The thijd reflection surface gcoup.62 does ... 

10 not oppose the first andsecondTeflectionsurfece groups 57:and58,:andihas a tilt of around 45'' with respect totheot 
incidence reference axis to fconverta reference; EDOSJSa; which erite^ froni1he 4Z-axtsi direction in; the sixth emtxxliv * 
merrtv into an axis from the -tX-axis direction. 

[0186] *.On the other harKj.a fourth reflection surface group 63 is Goiistruct convex mirror Rll;: arid is placed 

next to the convex mirrorflS of the secorid reflection surfece group 58: Tihe fourth reflection surface group 63tdoes not ^ 

15 oppose.^e first and second reflection ..surface groups &7 and;58. :andthas a tilt of around 45'* with respect to/the ind-^. - 
dence refererice axislo mdke' a reference axils 55b, whi(;h leaves in the -Z-axis direction in the sixth embodiment, leave 
in thfe+X-axis;direction. ^=t .. lt.::iL:\ ^\ .i.^a-.^ C siOi.;::-/v-. v.; i^k. • hv-cu^u ;n:' 

[0187] ^ In this efrtoodiment, sirice:thfe optical system is built by OTiyiref lection surfaces in contrast to a conventional 
systemiin which reflection mirrors are ictserted in arefractioa^ of light rays, thelthird and 

20 fourth' reflection vsurface groups fWhich.dOinotx>ppose^the fH^ second reflection surface groups, can be easily 
added/ The added reflection surface grouj^ dan change the entrance and exit directions of a lightiray whilei corriBcting c ; 
aberrations of itheicpticaL^lemefhiti ;x?nao\;(,. -n^- .w»iu:uor- :-.s;-f-c;.:^ .k- -^r i.-^r- ■;i:v:d j:. -i n^o :r.a'v^di'r^';vidt:d . 
[0188] \rt this embodimeht, the reflection surfec^ groups which neighbor the f ir*st and s^nd r:efflectionsurfacesgroups.>"^r^^ 
may be. sinriuitaheoi^ fbrmedvUpcOT formation of i ■ •. b . ^» : " VV 

25 [0189]^ For example, since the third reflection surface group neighbors the^^^ - 
formed using Ihe metal mold for the second reflection surfabe group.;? ^ i U c d v r laiioi ci np^ v n\h ^v c- 
[0190]:' In this.lashion; by adding another reflection surface group; which does not oppose the first and second>reflec^i .-J. 
tion'Surface»grt>upsr thiBrentrafK^e and exit tlirection 

the optical element of this embodiment,; sinde the entrance and ^exit directions be freely set. size and thickness 
30 redciii^difiis of the camera can be attainted due to a decr^lse in^ad spac^ and ac&mera havtng ai^pe that has never ier ' 
seer^^befbre caniDe achieViBd.-! \ : i.:ii\K \ '^^-^ h^yii.-:'i~' r \ :x :-^^r 'U. ^ -'^r...ijv:- 

[0191] :' ^!n Fig;.22, an ehtrance reffactipn surface R9= is plac^ on the iricidencesidejof the concave mirror RIO, and 
has€i'negafive:;refractive pdweD^c ^v; ^ ^'^r- .luinl ; v;-.^ki . nii 2i} :;y:--~hr:n by ;v ^^t in--*-; :-\y^el 
[0192] 31An ^irefractiorYisurf^ce^Rl^is (blaCbd oncth^ exit sidedf the convex Wrror Rldva^^ 

35 power^i F\b rKi--e a Gij^d liiwiTi-^hot-A^cjeii. If; i>(:t^^.;:!l ih>^ Ci-inciino v^:jc:h? 2t> nas a :vuhcj.v:£:: iiiwspu aid >^ci;ian eai:h ittleoiJor: 
[01931f idn gerteral; upoh behdibg the tjptic^ pSatb at theierftranee side.:s'nce the distdnce1rom:each. surface' that cdh*' r 
structs the bptibahel&Tient to the stop inevitably increases, the effect»ye surface broadens, and . : 

the emirfiTiopticabelementbecit^e&taj^^i^^ ;w? I 'j^. *"c? ^r^^^trpj^sois thri w^iq.? portion e '::^Mr'Oi he :poL«>a toio!^? 

[0194] dolve this :prdblem,: in; this. embodiment; to in effective light ray region of each surface resulting 

40 frontJsaftfing Of thi^ optical pat) is suppressed b^^ 

R9. thereby achieving a^ sizeireduction of the, entire xiptical elfehrterrt. ; K > - 

[0195]4iAlso, by behdihg the bptical^path at the exitsidei'thecdistanGe from the final pl^ne to theJmageiplane:inevltak3ly be? 
decrieases'. 'In this embodimerftirt^Jsynfliesizing the convex- nniTorrRM?£^ decrease inoi . - 

back focus tength prodUdedoiponb^rKinig^the^^^ i • jo^-rir v./::^ . 

45 [0196]4^As described atx>yeiM this embodinrii^^ placirigtherefraction^mienabersaiidJtef lection nlem•^^l;l - 

berSiidesiign'thatutilizeSihe'features of.the individi^i^ rriembers can be achieved. For'example. the'refr1al:;tic^ memt>ers^< ::^ 
share^lhGf :power^bf:the eritire optic^lrelertierit, and ihe reftectidrl'menibers sharef aberration correction: In this way. the : - ; 
degree of ifeedom Hi^^cal desi^e!ani>eiihcre^ fngh-perfbrmance optical element can be obtained. 

.50 (Eighth Embodirhent):> i tin? fvii^t;-;^ lYi.vi .inW :'.tv j^nK^ar^v •:''>r>»'vj;.:x({<; bv ;» pOrlK;!^ v?;' ^^t^»'^,'H^xrj>/K| 

[01 97] 'D^Jhetfirst example of ametal mold structureior fbrrnin^ the atiovermeritionied refli^on suilace groups w 
explainedvbetow withtreferenee^ Fig^/23uv ^•'(^c lv -r-'^ -ir J? do?-:?:- '^v? -r*^r^=nji *a^r?:=rfiw;i =>f t--*? r^^i^o^.ti-r- 

[01 98]M Apig. 23 is a sectional view of a metal mold 1 1 4 for forming the optical element 51 in the sixth embodiment. The 
55 metal it^bld 1 14 is constr4JC^edi>yia paircoimetalfnold unitsr115 andi ll&used fof integrally fdrxrung the csfractiM^ . 
faces>R2 and R8i concaveimirfOr RSivCdhyex mirror R4, concave fi^'aor ;R5; eonvex mirror R6,iandvconcave mirror iR7 : > 
thatfconstructthebpti6^ lelementSl.'i-^'H;; :9'^r'\^. 0-1=0:^::^:- <:urbry:'^fiiix)-j^ ^f»v uiinr^ n'^i:i->:;r; 'h;>t a^nrMl t-^ 

[0199}: Nbto tftatthe rhelal mold ahit 1 16 is composed of three metal moid blocks 161 , 162, and 163 which respectively 



14 



BNSDOCID: <EP ^0921427A2J_> 



EP 0 921 427 A2 



correspond to the three reflection surfaces, i.e.. the concave mirror R3, concave mirror R5, and concave mirror R7 that 
form the first reflection surface group 57. 

[0200] The metal mold unit 1 15 is composed of four metal mold blocks 151, 152, 153, and 154 respectively corre- 
sponding to the surfaces of the second reflection surface group 58 including the entrance refraction surface R2, convex 

5 mirror R4, and convex mirror R6. and the exit refraction surface R8. 

[0201] In this embodiment, since metal mold blocks con-esponding to a plurality of reflection surfaces having curva- 
tures, which construct reflection surface groups and refraction surfaces, are prepared as units, even when the trKiividual 
reflection surfaces and refraction surfaces are located at decentered positions, the metal mold shapes can be freely 
designed, thus allowing integral formation of the reflection surface groups and refraction surfaces. 

10 [0202] Since the metal mold blocks con^esponding to the individual reflection surfaces can be manufactured, the work 
margin from the effective light ray region, which is required In normal metal mold working, need not be excessively esti- 
mated, and the spacing margin between neighboring reflection surfaces can be minimized. Consequently, the size of 
the reflection surface group as a set of reflection surfaces can be minimized. 

[0203] However, when a metal mold is divided in units of metal mold blocks, the positions of the divided metal mold 
IS blocks must be accurately adjusted to guarantee high positional precision amofig the divided metal mold blocks. When 
each reflection surface has strict positional precision, a metal mold that fbrm^! a plurality of reflection surfaces having 
curvatures by a single, continuous surface is preferably used. ,y ^ 

[0204] However, when the neighboring portions of the reflection surfaces of the reflection surface blocks have a step 
therebetween, a plurality of reflection surfaces cannot be formed by a single, dbntinuQus surface. 

20 [0205] The reason for such difficulty will be explained below with reference to Fig. ^ 

[0206] Fig. 24 is a schematic view when the metal mold unit 1 1 6 is ground by a grinding wheel 117. 
[0207] Refenring to Fig. 24, assume that the metal mold blocks 1 62 and 1 63 oorrespondlng to the concave mirrors R5 
and R7 have a step therebetweer^^. In general, the grinding wheel 117 has a spherical shape, and grinds each reflection 
surface on the metal mold. Since the. grinding wheel 117 has a spherical shape, it cannot contact an edge portion E 

25 formed by the metal mold blocks 1 62 and 163 upbn working the boundary portions between the metal mold blocks 162 
and 1 63 con-esporrding to the concave mirrors Ffe and R7. For this reason, the edge portion E cannot be ground to form 
the neightxjring reflection surfaces by ai single Surface, , j 

[0208] In order to avoid -such situationsr' the neighboring portions of the; respective reflection surfaces may be 
designed not to fbrrri any sjeps therebetween in optical design. However, such rpethod is npt preferable since the neigh- 

30 boring portions must have equal curvature^ and, ^xonce, the degree of freedor|rin design^lswers. 

[0209] In this emtxxiiment, when the neghboring portions of the reflection surfaces that form the reflection surface 
groups have a step therebe^een, the neighboring portions are formed outsMe the effective light ray regions of the 
reflection surfaces, and hayelshapes that smoothly connect the reflection surfaipeis to b^ worked, so as to form a plural- 
ity of reflection surfaces b^^single, continuous surface. .iC;' 

35 [0210] Fig. 25 shows the^cond exarrple Qf ,the^rneta! itk^^ embodiment. In this example, the con- 

cave mirrors R5 and R7 olihe metal mold unit 1 1 6 are smoothly connected byia neighboring portion 1 1 8 virithout form- 
ing any step at tiie t)Oundary portion therebetween, thus forming the metal^mold unit 116 by a single, continuous 
surface. ^ ■ 

[021 1] Referring to Fig. 25. the neighboring portion 1 18 falls outside the effective regions of the concave mirrors R5 
40 and R7, and its shape can be basically freely set as long as it does not eclipse the effective regions of the reflection 
surfaces. f . ^: 

[0212] As a method of determining the shape of the neightoring portion 11^. for e^^nple, if the shape of the neigh- 
boring portion 118 is defined to smoothly connect the edges of the effective regions of the concave mirrors R5 and R7, 
the metal mold unit 116 can be formed by a single, continuous surface withoi^ forming any edge portions that cannot 
45 be ground by the grinding wheel 117. T; 

[0213] In this way, by smoothly connecting the neighboring reflection surfeces by portions outside their effective 
regions, the metal mold unit can be formed by a single, continuous surface, thus assuring high positional precision of 
each reflection surface. 

[0214] Figs. 26 and 27 are sectional views when the optical element 51 shown in Rg. 19 is viewed from the -Z-axis 
so direction and +Z-axis direction. These sectional views also sliow the patterns of the effective light ray regions of the 
respective ref lectbn surfaces. 

[0215] Fig. 26 is a sectional view when the optical element 51 is viewed from the -Z-axis directbn. Referring to Rg. 

26, the optical element 51 has the concave refraction surface R2 as an entrance surface, the convex mirror R4. the con- 
vex mirror R6. and tiie convex refraction surface R8 as an exit surface, which are formed acQacent to each other. 

55 [021 6] Fig. 27 is a sectional view when the optical element 51 is viewed from the -i-Z-axis direction. Referring to Fig. 

27, the optical element 51 has tiie concave mirrors R3, R5. and R7 which are formed adjacent to each other. 
[0217] Upon examination of the neightoring portions of the concave mirrors R3 and R5 in Fig. 27, the effective light 
ray region of the concave mirror R3 has a trapezoidal shape, and that of the concave mirror R5 has a circular shape. 
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[0218] By contrast, since ther espective reflection surfaces of the optica) element 51 have rectangular shapes in terms 
of their construction, a^jghown in Fig. 27, when a reflection film is formed on,the ftr?tire r;ef lection surface by deposjtioni .,; 
sputtering, dipping, or the like, it ipust also be formed on a broad region other than the effective light ray regions ' r 
[0219] When ghost light prdduC'ed by the optical element 51 is taken into consideration, it is often produced by irld^ 
5 light coming from positions and:angles different frohi those of effeclive:light Tays,:and hence.= lighiray&often hit positions 
outsideiWeeffectiveili^ht^ ray -regions. '.y- cvor h .h i-^nn t^nit ! :ic! • ^-^^^ rieUrfv- i.>-:rorn .-jnc-; p^^ '^^^^" 

[02201 \:y\ftien a reflection film is formed on theentirereflectio^^ 

a surface portion ether than the effective light ray region, and the reflection film deposition region is preferably reduced 
as much.as possible to prevertt ghost Jight ; ? - * : . ^ 

10 [0221] In this:eml)odimem, arelleclion film fe formed by deposition, sp^ dipping; orthe like only on each region 
indicated by thedottedline^in Fig. 27 in apattern nearly equal to thfe shapeotthe effective Jight rayregion of eachreflec-^;n ^ 
tion surface to have^a predetermined margin from the effective light ray region, iher^y preventing^host light from fc)eing 
produced by a region other thiaathe effective ligWr^^^^ u ..ir • i i^xi u • ■ : 1. . 

[0222] Alsa» sinc&an anrti-reflectlon film is formed on the entrance and exit refraction surfaces by deposition, sputlerr^ 

75 ing, dipping, or the like, ghost can be prevented from being pf all fte surfaces 1hat»fbrj!ii the opfcaliBieme^ 

[0223] FUrtherrhOre. in this emtKxIiment, a region other than the film fb^matiori portions in Fig. 27 is formed as a hbn- - 
smoothed surface, e:g^ diffusion surface. By simtiltarieously forming thus diffusion surface tpon formingcthe Yef lection 
surfaced group; when ghost light produCiBd by a surface portiondlh«rthah the feffeictive light ray region Nts a region other 
than the film formation portion.'the amountvof Jghost Jight is:r€sduced^^by;dhe::di^fusio^ te«eGt/of me 

20 thereby lowering theighost light intensity/- iuc ^^ff^-diof^ f t.in om- '■■<- irr * mrs -rj-o- ! ^ c^w^ni^fir-. -Mi^fn/^r '.ro»!'>^ 
[0224] ^ Fig: 28 shov^ numerical data in an actual design example. 

[0225] / ♦To restate, according io. the present invention, in an optical element constructed by a f trst reflection surface- 
block formed, by ^pladrig a plurality of=reffleclion;surfates hawirigicuitvaturies at fieighbori^^ 

reflection Surface block which ofjposes that reflection surface:blockarid)is fOriftied by placing one br a plurality of reflec- 
ts tion surfaces havingi curvatures at neight>oring positions, since the first and second reflection surface blocks^aire formed. ;» p 
by a metal mold, the neighboring refflection surfaces of an optical piism having reflection surfaces with ijurv&tur^^^^^^ 
be pi'epared as units: Ih addition,' snicie the reflection surface blocks are formed byitheinetal tnokJ. the respective^ref lec-^r 
tion:surfaces,-which require highest precision, can be prevented from decentering relative to each other, thus avoiding 
deterioration of qpticaf perfbrnriancei w u v. ^ J n;: s^ing tn^5 (\^.*v'm^; <D^n^y:\i a th.s :-?oo! -xnit, vi iiOivliiKj 
30 [02K] ^(AI6o. in the pitesent inventiOh. since orie or a plurality of reflectionisurface blocks, whk^ do not oppose thefirst«op 
and second reflectidh surface blocks, are disposed next to rthe first and second surface blocks, the directions of light 
rayslhat enter:arid'leave the optical; element^^ b^ arbitrarily set When a^i' opticas rnember having a refraction effect 
is pljEK^e^ jriextlbihe.reflec^onisurfoce blo^ of freedom in aberrittksri oorrectk>n<ofvthe opticaLalement cano; . 

be irKTFeasedvthl^fe improving thefJmagingperfornrmnc^bf the'bpticallelenrient^ Fyrthertrorei on itoe present Jhwe^ 
35 integfcally formingia plurality of reflectioifcsurtace blocks u a metahmoldi high ppsitioriai:precisioi*i3f tRe Individual blt 
reflection surfaces in the opticail element can be assured. 

[02271TC.|n the present :inveritioh. ;Sinf?efriember5 for coupling or joining a plurality of reflectidrr^surface blocks ^e prorot^ 
videddo predetermined positk>ns^^of .the indlyidua} reflection surface blocks, and the optieat ^rement^s cohstrUct^d byK r 
coupling or joining the plurayiypl.reflection surface bl manufacture df the respective reflection BOrtaceitDlocks i^ 

40 facilitated, and the Teflecliort^rface blocks can be^aceurately placed at predetermined positibre having atpredeter-ra:?: 
minedr^^acing therebetween. 

[0228] V igincei the rnefriberBJotcouplihg orjoiningiaplurality of ceilectioh surface blocks are coupled or joined ^regions Lht. 
outsid^'the: langeiof^efl^ve tiQhl'rays,-ith6 effectiveNightfaySIn the^^ *On^?beihg' cv 

eclipsed.' = :^ : -y r^b.; i rj;:: - • nii\V. Jiv\^^-::. : 'Vf- r . - ''r . - "^»C;i>;; :.tx{iaO^ = r'^^y {"ift dfc;t;i^^>^>i 

45 . [0229] v.Mdrebver,; in the;presertt «wentioh;«^ hokJirQ portfonibr fixinjgthe optieaj element to a rtiember tb;whiChiiVv< 
the C£)ttical member Is to be fixed or a hole used for moving or fixing the optical element is formed on a portion other 
than thi^^effective llghtiray region of :tiie refection 

duced tipon riiovemrierrt of the optiocri: element can be sup|3ressedj ln^ ^ecth^a Jight rays iri ^bpti<»d.^en^^ 

can be' f:>r6v6rited from being eclipsed. • -y^w^ni lo^rn/^^- - : ^oai* fiO ^v - ihc? ji-w ^^f^^^5^f;''•oi^; . 

so [0230] ?> Furtberhnore, in^the present irivention, since a metal mokJ used for forming the reflection surface block adopts 
one of ^ metal mold unit divided ih units of reflection surfaces, a metal mold, unit which fbrrns ^ieighboring reflectic^ 
surfaces by a single.^ continubuisisurface/or ametatmold^uriit which forms a pluraiity-of reflection surfades and a neic/hf- - - 
borir^ portion thiat nefghbors the fDiluralityi of raf lection surfaces on a single metal mold. mokJing can be done irrespec- 
tive df the sh^ ol tiie optical element; and tie >reflecb*oiii>surfaces can^beto low^t:5 

55 costoptical elemertf carnbe obtainedu > . ept W i-i jpt :--^- ^.i^ru ^n:. i^:.jn>;kitiny thA cotkra' ^^k^rnDrrr 

[02^] j^n addition, when portions other than effettivelighit ray regibnSof th^ reflection surface block and optical mem- 
ber V9ith:the riefraction affect in the metaLmoM areisubjck^ted tdia light^hicfklingpiiodess^iaajopti^ 
fers le^ ghost t^baobtafned/' KrMry:- "!.-h»-'^hi^/:H?n;:^ hir^c^i^^^- y\^iO n^^iiut^. no ^ uribc- of n?^rtr^»^H m^tnunc' 
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[0232] The present invention is not limited to the above embodiments and various changes and modifications can be 
made within the spirit and scope of the present invention. Therefore, to apprise the public of the scope of the present 
invention the following claims are nnade. 

5 Claims 

1 . An optical element comprising a first reflection surface block formed by placing a plurality of reflection surfaces hav- 
ing curvatures at neighboring positions, and a second reflection surface block which opposes said first reflection 
surface blocK and is formed by placing one or a plurality of reflection surfaces at neighboring positions, 

10 wherein said first and second reflection surface t:>kx:ks are formed by a metal mold. 

2. The element according to claim 1 , wherein one or a plurality of reflection surface blocks, which do not oppose said 
first and second reflection surface blocks, are placed next to said first and second reflection surface blocks. 

75 3. The element according to claim 1 . wherein an optical member having a refraction effect is placed next to said first 
reflection surface block and/or said second reflection surface block. 

• i 

i ■ 'r 

4. The element according to claim 2, wherein an optical memkjer having a refraction effect is placed next to said one 
or plurality of reflection surface blocks, which do not oppose said first and sedond reflection surface blocks. 

20 , . i 

5. The element according to claim 1 . wherdn said f irst.and second reflection surfece blocks are integrally formed by 
said metal mold. , ^• 

^ / I 

6. The element according to claim 2, wherein said one or plurality of reflection ^rface blocks, which do not oppose 
25 said first reflection surface block and/br said ^ond reflection surface block, pand said one or plurality of reflection 

surface blocks and/or an optical member having a refraction effect, which 6o not oppose said first and second 
reflection surface^jlDpcks are integrally formed* by a metal mold. I 



30 



The element according to claim 1 . wherein said first and second reflection surface blocks are separately formed by 
a metal moM. and said optical element is fbrmed?by coupling or joining sai^ first and second reflection surface 
blocks. ( I / S 

O "1 ■ - f — 

8. The element according to claim 2, wherein said optical element is construct^ by coupling or joining at least two 
blocks of said first reflectif^surfoce block; saki second reflection surface blopk, and said one or plurality of reflec* 

35 tk)n surface blodl4.- which do not oppose ^kJ first and second reflection sur^ce blocks. 

^ . . . 

9. The element according to claim 7. wherein members tor coupling or joining said first and second reflection surface 
blocks are formed on said first and second reflection surtece blocks. | 

1 " ■ • 

40 10/ The element according to claim 8. wherein m^bers for coupling or joinlng^said at least two t)locks of said first 
reflection surface block, said second reflection surface block, and said one 05 plurality of reflection surface blocks, 
which do not oppose said first and secorxJ reflection surface blocks are formed on said at least two blocks of said 
first reflection surface block, said second reflection surface bkx;k. and said|one or plurality of reflection surface 
blocks, which do not oppose said fin^ and second reft^^ ^ 

45 I ■ . 

11 . The element according to claim 7. wherein said first and second blocks are cdupled or joined to each other at posi- 
tions outside a range of effective light rays of said optical element. i 

12. The element according to claim 8, wherein said first reflection surface blocK said second reflection surtece blocK 
so and said one or plurality of reflection surface blocks, which do not oppose said first and second reflection surface 

blocks, are coupled or joined to each other at positions outside a range of effective light rays of said optical element. 

13. The element according to claim 7, wherein after a reflection film is formed on tiie respective reflection surfaces of 
saki first and second reflection blocks by one of deposition, sputtering, and dipping means, saki first and second 

55 reflection surface t^ocks are coupled or joined to each other. 

14. The element according to claim 8. wherein after a reflection film is formed on the respective reflection surfaces of 
said first reflection surface block, said second reflection surface block, and saki one or plurality of reflection surface 
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blocks, which do not. oppose said first and second reflection surface blocks^by onerof deposition,-sputtering; and-'^ 
dipping means, said at- least two blocks of said first reflection surface block, said second reflection sur^ce block, 
and;said one or plurality of reflection surface.blocks, which do. not oppose said first arxi second reflectioni^fMrface, . 
blocks, are coupled pr joined to. e^cf) pther. ^„ ! i r -nr -h^c^t,-; ; r - ^ v •■.y. ■■■r,. 

1 5. The Element according to claim 1 , wherein a holding portion lor fixing said optical eieitienl to a member to which \ . 
said optical member is tobefbced ife formed-on one of sad^irst andcsecond>reflert^ i-ic ^> . sr.; 

16. The eiemeht according to clairn lS, wherein said hibldihg portion isformed on a portion otherthan an effective light 
10 ray portion of dhe of ^idfir^ and second iBf lection suHace^ : liru ■ < . ^ ts,.-:--u!uyu. uu - 

17. The element according to claim 15, wherein atileast a surface of said holding portion, which contacts said member,- o 

1safrwrrdrSUrfacei':(: ^.u m :^ei :: ^: - -^i-ic^:;';?- -^r-, ; -a ^ -Jv-ij-* 

15 18. The element according to ctaim J7, wherein;tbe isuiiiace of <said|hok:iing portion,: WNch a^ritactstsai^ 

mirror surf^e having a surface toughness Rrnaxrwt more 1han0;08^m. ; r;!.; : f!-.f:.in ^r?-??-,^; 

19. Theielem^nt according to claim^flv wherein >a;hole f5r»movi>igi^^ opEkal element is formed in. one of said 
first ^3d second reflection surface t3lock3: ^ v ^ oar.rjot lu l /- r-^ 1 ny f v=i vok cn- tiia?. >ur: isiM^cr 

20. The element according to claim 19, whereSh sakj hole i& forrhed oh portions -other^ than effective light ray portions 
'Of-saJd first and siecondr^lectionv surface bk)cksiu; :sK::vi o-icivi s^;^ f-o c.- .^^ui >:>*;d?r!v: -i*:? cx;r;-.<i^^o «vt';rou, 

21. Theeiemeht acco^irig.tddaim 1;!whereiifi'saidimet^ in units lofr. l 
25 - reflection surlacesiof said ifirst and secorid reflection surface blocks^.arKi said optical -eiem^ is^lormed^by/said iC- 

jfneitaF-rllold. 'x- 1}. - cc ; 'rra^^? ^^iinoi? Hty ard r''^ ^O' f^" r^^^r'-^^'^ i^-nv' ;X-rtion U r^rv irt ;*''f^^?xi iv -i^^- ' 

22. :Theielement according tb.daim^1r.!wheretn^sdkl meitail'mold formsrthe neighboring T^iectioiivsurfaces>bl:^each:o:f r u- 
saidtirst and second reflection isurface blocks by asihgle.^cor^ 

30 by^ianribining 4hat metal midland and^ r re d^Juree v. v^do\r^ n c^^oi^^i . <o-ve?s 

23. Jlief^lenriem according to claim T..Wherein>^^ mold:ha&the pluraUt/tdf reflection surfaces and a ngight^Qri- ilto^ 
rin^pbrtion which neighbors thepluralityLof reftec^on "surfaces^ which! optk:al r 
eiemeht JSifprmedlbyrthat^etalgto :uoug surface. 

24. The element according to ctaim t;^ wherein said metal m>ld1s subjected to a light^shtelding process on a portiori r>v 
other thah an'effective fight ray portion^bf e^^^^ blocks. . qie. ; : 

25. -Tfhe element accprdingjo:daimj1iaA^ mold is subjected^to a lightrshtelding^process on.a portion 
40 other than effectfve iight rayf]^ said firsliahd &ccondtrefrectioi^ surfdce^ blocks^ said optlCalt 

:memt^ having the refraction effect. 

26. iAniopti(^elemehf <w^€»fein'aiirst:rell^b^ 

:tures placed at neighboring positions, and a sec^ndTefiectionsurface group whiich opposes said first reflection sur^^ 
45 : ;facp groi^ ^nd iricJudes one or^= ptcirality of reflection surfaces having curvatures placed at neighboring positions, 

;^'fbrmed dh surfacefS;Of a trahspareritrnerriber^^ a ^^1o e 

27. The efemeht according to claim 26, wherein one or a plurality of reflection surface groups, which do not oppose said 
ifitt arKi second reflection surface:groups^;are placed or) the. surface said. transparent memt>er nextito said first ^> 

so -^n v^rttf^second reflection- surface git)ups. r-\.H-T-i.-^i ■•v>-"'\ - li^.-./ ; I'^^^r -^-ncvci^*/'-^ j-oh- -rv^ v\,.-. 

28. .l^e':eiement according to 4::laim 1 wherein when said plurality of reflection surface groups are pieced iat neighbor-i 
ihg:positi(^s;ahjntegratednvrit>r surface 

4ng neighbdrlng reflectfen surfaces iij assentrfed' hi a metal mold fcavity4nisaid metal mbldi !? »ro^ ;^or' ^ ti iv >' 

29. The elerrient 'according to: clairh 26, wherein refraction :su^^ for rnaking light entei: arid le^e said optical eie- 
meht are formed.on1heisurfaiceofssu0trahsparerrt^ coriciv^fz ; (nx- ■ ^ti rV> rl"' iU^: i-rc;;^* s.^ht 
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30. The element according to claim 26. wherein a holding portion tor fixing said optical element to a member to which 
said optical member is to be fixed is formed on said optical element. 

31. The element according to claim 30. wherein said holding portion Is formed on a portion other than effective light ray 
5 portions of the reflection surfaces. 

32. The element according to claim 30. wherein at least a surface of said holding portion, which contacts said member, 
is a mirror surface. 

10 33. The element according to claim 32. wherein the surtoce of said holding portion, which contacts said member, is a 
minror surface having a surtoce roughness Rmax not more than 0.08 \im. 

34. The element according to claim 26. wherein a hole for moving or fixing said optical element is formed in said optical 
element. 

15 

35. The element according to claim; 34. wherein said hole is formed on portions other than effective light ray portions 
of the reflection surfaces. 

, ; ■ . ■ 

36. The elemerit according to daim 26, wherein said metal mold is constructedf by metal mold units divided in units of 
20 the respective reflection surfaces of said first and second reflection surfoc^ groups and refraction surfaces, and 

said optical element is formed by said metal rriold. ! 

37. The elemerit according to claim 26, wherein said metal mold forms the neighboring reflection surfaces of each of 
said first and secorKl reflection surface Modes by a single, continuous surface, and said optical element is formed 

25 by combining that metal mold and another metal nriold. 

38. The element according to claim 26. wherein said metal mold has the plurality of reflection surfaces and a neighbor- 
ing portion which neighbors the plurality of ref lection surfaces, which are formed on a metal mold, and said optical 
element is formed by that metal mold. . j 

30 i /. - •■: • = ■ ■ *: " • ■ ; . 

39. The elemerYl according to claim 26, wherein said metal mold is subjected tp a light-shielding process on a portion 
other than an effective light ray portion of 0ach of safel first and second refl^ion surface groups. 

? • : ■ ■ . ;:/v::'v-:::\ ; ' • / .... . a A; 

40. The element according tp claim 26» whereiri said rnetal npid is constructed by a plurality of mirror surfaces each 
35 having a rectangular shape of ah ai^trary.aze the entire corresponding reflection surface, irrespec- 
tive of circular and polygonal shapes 'and;effective range sizes of effective lig[ht ray portions of said first and second 
reflection surface groups. / 

- I ' ■ ■ ■ 1 

41 . The elemem accoiding to claim 26,^ wherein s^^^ neighboring reflection surfaces by 
40 broadening mirror surface portions irrespective of a size difference of effective light ray ranges of the neighboring 

reflection surfaces. 

: " • - • ■ ! 

42. The element according to daim 26, wherein a reflection film is formed on the respective reflection surfaces of said 
optical element formed by said metal moid by o^^ dieposrtion. sputtering, '^nd dipping means. 



45 
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43. The element according to claim 26; whefeih a film is formed on refraction surfcices of said optical 

element formed by said metal mold by brie of deposition, sputtering, and dipping means. 
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